This paper examines empirically some of the reasons why Japanese manufacturing firms frequently fail to satisfy concavity conditions of the cost function. We focus on the "bubble period" in the 1980s when land was in great demand for reasons related to both production and speculation, and land prices soared. By estimating the translog cost function with land as one of production inputs for manufacturing firms, we find that violation of concavity resulted from borrowing constraints and large adjustments of employment. We also demonstrate that elasticities of substitution between land and other inputs and input demand with respect to land rental prices are both estimated with large biases if the firms violating concavity are not excluded from the analysis. JEL Classification Number: D24, R14
Introduction
One of the anomalies of empirical economics is the failure of concavity conditions in estimating cost functions. From a theoretical perspective, concavity of the cost function is a basic tenet because concavity ensures a firm's rational behavior for cost minimization. Therefore, many attempts have been made to incorporate concavity into estimating cost functions. Jorgenson and Fraumeni (1981) and Diewert and Wales (1987) proposed methods for imposing concavity conditions globally in the context of cost function estimation, while Terrell (1996) and Ryan and Wales (2000) devised methods for incorporating local concavity conditions into the cost function, maintaining flexibility of the functional forms. Imposing concavity either globally or locally is desirable to obtain the parameter estimates used for inferring the production structure of the firm and evaluating the effects of various policy measures on the firm's behavior. 1 However, it is important to recognize that such an approach is based on the implicit assumption that all of the firms in the sample are indeed minimizing production costs. If some of the firms are incapable of minimizing production costs due to extraneous circumstances, then imposing concavity conditions on the cost function misspecifies the model and therefore yields inconsistent estimates of the cost function parameters.
The purpose of this study was to empirically investigate firms violating concavity conditions of the cost function and identify economic factors responsible for violating concavity conditions. This research is based on Japanese manufacturing firm data from the period during the 1980s known as the "bubble period" when land and stock prices soared as exemplified by the average rate increases of 25.3% and 26.2% for the land prices in six large metropolitan areas and the stock price index of the Tokyo Stock Exchange (TOPIX), respectively, during this period.
The bubble period is ideal for our analysis because its sharp rise in land prices encouraged firms to retain and/or increase their land holdings for speculative purposes unrelated to production. Additionally, land played a collateral role in loan contracts such that large firms, which had relied heavily on bank loans to finance investment prior to the bubble period, began to raise funds directly from capital markets owing to overall liberalization of financial market. This forced banks to search for new customers, and they eventually lent money to smaller and/or nonmanufacturing firms, establishing new ties that were nonexistent prior to the bubble period. Land assets held by the borrowers played vital collateral roles in mitigating the informational asymmetry between creditors and debtors during this period. 2 When the purchase of land is driven primarily by such speculative motivations, land acquisition does not necessarily contribute to production and it is highly unlikely that cost minimization is attained under these circumstances. Also, when factor prices change, the optimal combination of inputs for a firm will change accordingly and the firm may not be able to choose the optimal level of inputs due to borrowing constraints, resulting in unattained cost minimization for some firms. The above discussions suggest that a goal of identifying factors responsible for the violation of concavity conditions is best achieved by examining the behavior of Japanese manufacturing firms during the bubble period.
We estimate the translog cost function of value-added type using the factor inputs of labor, capital, and land based on manufacturing firm data for five industries: chemicals, iron and steel, machinery, electrical machinery, and transport equipment. After identifying the firms that fail to satisfy concavity conditions, we determine the factors that cause violation of concavity conditions. Furthermore, we compare the elasticities of substitution and the input demand elasticities with respect to the land rental price between the unconstrained case including the firms that violate concavity conditions and the case excluding the firms that violate concavity conditions.
The proportion of firms violating concavity conditions is approximately 50% of the total firms regardless of the industry. The probit analysis reveals that a large rate of change in labor and less dependence on bank loans increase the probability of violating concavity conditions. We also find that the degree of substitution between land and other input factors as well as input elasticities with respect to land rental price are both estimated with large biases unless the firms violating concavity are carefully excluded from the analysis.
The paper is organized into five sections. Section 1 consists of this introductory discussion. In Section 2, we specify the translog cost function together with the costshare equations to be estimated. Then we explain the procedure for identifying the firms that violate concavity conditions. Section 3 deals with econometric issues and an explanation of the panel data set. Section 4 presents the estimation results and identifies factors responsible for the violation of concavity conditions. We also gauge the extent to which the violation of concavity conditions affects the estimates of the elasticities of substitution as well as the input demand elasticities with respect to the land rental price.
Finally, our conclusions are summarized in Section 5.
Theoretical Framework: Characterization of Cost Function and Concavity

Conditions
The real value of a manufacturing firm is primarily the result of some combination of capital, land stock, and labor factors. I represent a firm's production technology using the translog cost function so that the flexibility of production structure can be incorporated into the model. Any degree of substitutability or complementarity of production factors can be attained under the translog cost function. 3 The translog cost function is specified as follows: We estimate the cost-share equations jointly with the cost function. In so doing, we impose the following integrability conditions of the cost function on the system. Note that one of the components in Eq. (2) is linearly redundant. 6 Concavity of the cost function is data-dependent and we examine whether they are satisfied for each observation based on the parameter estimates. Note that we are examining local but not global concavity evaluated at each observation. Specifically, the concavity of the translog cost function in the input prices implies that the following matrix must be negative semidefinite.
where 
Econometric Issues and Data Description
Since we employ a panel data set of firms in estimation, the firm-specific effects are taken into consideration explicitly as firm dummies in the translog function. Note that firm-specific effects do not appear in the cost-share equation. A random disturbance term is also added to each cost-share equation and we assume that the resulting disturbance vector together with the one in the translog cost function is multivariate normally distributed with a mean vector zero and constant variance-covariance matrix.
Then we apply the maximum likelihood estimation to the system.
Equations (1) and (2) Table 1 shows the sample average of the investment rate, defined as gross investment divided by the beginning-of-period capital stock, rate of change in real land stock, and the rate of change in employment or number of employees for the five industries. The average is calculated separately for the "pre-bubble period" (1979) (1980) (1981) (1982) (1983) (1984) (1985) and the "bubble period" (1986-1993) with the standard deviations indicated in parentheses. Among these industries, the average rate of change in land stock is higher during the bubble period for chemicals, iron and steel, and machinery, and the corresponding fourfold and threefold higher standard deviations for iron and steel and machinery, respectively, imply that land purchasing behavior varied considerably across firms during the bubble period.
Estimation of Results and Implications
To what extent are concavity conditions violated? Table 2 shows the proportion of the firms that violated the concavity condition of the translog cost function for the entire period from 1979 to 1993. 5 On average, approximately 50% of the observations do not satisfy concavity conditions. However, wide variations across time and industry are apparent. The average proportion of firms violating concavity conditions is less than 50% for the chemicals and iron and steel industries but more than 50% for the machinery, electrical machinery, and transport equipment industries. These proportions range from 32.5% (chemicals in 1980) to 69.2% (machinery in 1993) and there seems to be no discernible trend or regularity in the proportion of firms violating concavity conditions.
What factors are responsible for violation of concavity conditions?
Once we identify observations that violate the concavity conditions of the cost function, we can empirically identify the factors that cause violations of concavity conditions. Concavity conditions are violated owing primarily to two basic processes.
First, large changes in quasi-fixed inputs over a short time period require a firm to readjust its organizational structure, which may be accompanied by the relocation of employees and/or machinery. This process will result in additional expenses and allocations and prevent minimization of production costs. 6 Furthermore, large volume transactions of land stock might be motivated for speculative gains in which case the change in land stock is unrelated to the change in manufacturing output. Therefore, cost minimization is not attained.
The second process relates to optimization in that even if factor prices change, a firm does not necessarily choose the optimal combination of inputs under the newly changed circumstances due to borrowing constraints. In this case, the firm will be forced to choose an input combination that is suboptimal, and therefore, production costs will not be effectively minimized. This scenario seems quite likely for the case of purchasing indivisible capital stock. When a firm has a close relationship with a bank, it is less likely that borrowing constraints will exist for that firm. We measure bank-firm relationships using the ratio of bank loans to total assets denoted by BANK .
We can econometrically formulate the ideas described above by the following probit β are expected to be negative and that of θ to be positive. Equation (4) is estimated for each of the five industries ( Table 3 ). The coefficient estimate of the absolute value of the rate of change in employees is significantly negative for machinery and electrical machinery, implying that a large rate of change in employees is likely to cause violation of concavity conditions. It hints that the firms incur extra costs in adjusting a large volume of labor input factors. Unexpectedly, the coefficient estimates of the absolute value of the rate of change in capital stock and land stock are statistically insignificant, irrespective of industry. Closer bank-firm relationships significantly increase the probability that concavity conditions are satisfied for chemicals, machinery, and electrical machinery. This implies that borrowing constraints do prevent some firms from attaining cost minimization. To summarize, failure of concavity conditions arises mainly from a large change in employees and borrowing constraints but not from massive trading of land for speculative purposes.
Consequence of ignoring concavity conditions
Characteristics of the production technology are often expressed in terms of elasticity of substitution between inputs and input elasticities with respect to input prices. They provide useful information in quantitatively evaluating the effects of policy change on demand for factor inputs. However, if the estimates of elasticity of substitution and input elasticities with respect to input prices are calculated using the sample that includes the firms violating concavity conditions of the cost function, then any inferences based on such estimates are highly suspect.
In this subsection, we quantitatively evaluate the severity of this problem by comparing the estimates of elasticity of substitution among inputs and input elasticities with respect to land rental price between the case in which the whole sample including the firms that violate concavity is used and the case excluding those violating concavity.
As for the measure of elasticity of substitution, we calculate the Allen partial elasticities of substitution. The Allen partial elasticity of substitution between the i th input and the j th input, denoted by ij σ , is defined as The computed values are shown in Table 5 . Note that own price elasticities are estimated with large biases except for iron and steel. Own price elasticities are all negative and stable around -0.68 (transportation equipment) to -0.43 (machinery) when the firms violating concavity conditions are excluded in the calculation. However, own price elasticities are underestimated in the absolute value for chemicals, electrical machinery, and transport equipment when the firms violating concavity conditions are included in the calculation. For machinery, own price elasticity is estimated to be positive and the evidence can be interpreted as follows. An increase in land rental price induces the firms satisfying concavity conditions to reduce the land inputs as production factors, so that own price elasticity takes a positive value. In contrast, the firms violating concavity conditions might demand land not for production purposes, but for speculative purposes. If this is the case, then an increase in the land price might generate the expectation that the land price will rise further in the future, which might prompt the firms to increase land purchases in pursuit of speculative gains. Thus, a negative response of the land purchase to a land price hike by the firms satisfying concavity conditions is offset by a positive response by the firms violating concavity conditions. This situation was quite likely during the bubble period in Japan.
To sum up, unless proper attention is paid to the firms violating concavity conditions of the cost function, we end up obtaining biased estimates of the elasticity of substitution among inputs and input elasticities with respect to factor prices and we are misled into making erroneous inferences regarding policy evaluations.
Concluding Remarks
In this paper, we examined empirically why some manufacturing firms failed to satisfy concavity conditions of the cost function. We focused on the bubble period during the 1980s in Japan when land prices soared and land was in great demand not only for production purposes but also for speculation. By estimating the translog cost function with land as one of the production factors, violation of concavity was found to result primarily from borrowing constraints and large adjustments in employment.
Furthermore, elasticities of substitution between land and other inputs and input elasticities with respect to land rental prices were found to be estimated with large biases if the firms violating concavity conditions were not excluded from the analysis.
Data Appendix
We give brief explanations how the data series are constructed with special emphasis on stock variables such as capital stock and land stock.
Construction of Capital Stock
Our basic strategy to construct a series of the physical depreciable capital stock is to follow the perpetual inventory method, as discussed in Hayashi and Inoue(1991) . Our benchmark capital stock is that in the fiscal year of 1970. It is assumed that the bookvalued benchmark is equal to the capital stock in terms of replacement cost basis. The physical depreciation rates ( ) δ are based on those reported in Hayashi and Inoue(1991) .
Given the benchmark value of the depreciable stock, real investment series, and depreciation rate, we obtain the series of capital stock from the following formula. For We choose the fiscal year of 1970 as our benchmark period. The benchmark stock of land at the market price is obtained by multiplying the book value of land stock in the balance sheet by the market-book ratio, 5.27, which is borrowed from Ogawa et al. (1994) . The net investment in land at the market price ) (NILAND is calculated as the increment of land, which is evaluated at current price, minus the decrement of land at current price. The decrement of land in the balance sheet is originally book-valued, so that it is converted into market-value under the LIFO-type assumption that the land sold in period t was purchased in the most recent period, period t-1. Then the land stock at the market price is constructed by the following formula. 
Labor Input
Number of employees at the beginning of period
Rental Price of Capital Stock
The rental price of capital stock is computed as follows:
where:
I t p investment goods deflator t R : borrowing interest rate of the firm which is computed as the sum of interest and discount paid and bond interest expenses divided by the sum of short-term and long-term loans payable, bonds payable and notes receivable discounted. δ : depreciation rate, which is assumed to be constant (0.08 per annum)
Rental Price of Land Stock
The rental price of land stock is computed as follows:
Wage Rate
The wage rate is computed as the average monthly wages times 12 to convert into annual basis.
Nominal Value-added
Nominal value-added is defined as the sum of payment to capital stock, land stock and labor.
Land Price
In the first place the rate of change in land price is calculated as a weighted average of the rate of change in land price of six large city areas and that of other areas. The weight is the proportion of land at market price held by the corporations in six large city areas. Then a time series of land price is constructed using the rate of change in land price calculated above so that the land price in 1990 can be unity. Note: Whole sample includes the firms violating concavity conditions as well as those satisfying concavity conditions. Table 5 Estimates See the note in Table 4 .
